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active cellst prewided the initial hsiwzwt of Prlmary Colls from freshly

excised kidny. we" cultured JA IUM before freezing.

2. The impinger vessel, developed umder a pzrvieus Contract (AF-4l(609)-2467)

was used successfully in preservin. cells by liquid nitroe refrigera-

ticn end in other experineital procadures. Although tho rates of

survival in liquid nitrogen refrigeration of both the altered cell

st•.•ns and priary eonkey kidney cells were satisfactory Wisn the

cells u-ere frozen in impinger vessels, the results were rot as good as

when beth types of cells wee frozen in ordinary 1.2-ml aspules.

3. Following freezing, li•-id nitrogen storage, and thawing, primry

monkey kidney cells regularly absorbed type a poliovirus mhen appzrxi-

0eoly i06 cellc were Inoculated with 1!0-100 plaque-forming .,nlt (PFU)

and IncubhateJ for Ps little as thirty minutos. The numbers of cells

t.hat aboorbe4 virus increased with on increase In the length of the

perioi of incub.-tion orsd with an incmrese in the multipi.icity of r-FU

in trA inoculum.

4. .*hmi the multiplicity of P1U in the Inoculum was at a very low leve)

(50-100) no esvdewa:o of the release of new virus was observed below the

Incubation period of seven hours; however, during incubation periods of

seven to twelve hours large nmbers of cells were infected and tV* re-

lease of new virus Into the culture fluid was obewved repeatedly.

5, Prelinirnry electron mireseopic observations of prImari monkey kdnkey

cells which had been infected with type I poliovirus rewe&led evidence

of virus replication throu cytological changes and the appearance of

specific virus-like particles. These electron eirscepic observations

BEST AVAILABLE COPY
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we" sim3a1r to thse, reperted by earlier Investigators who have studied

t'he infection of primeay monkey kidney cells with pollovizus by monse

of electron microscopy, Improed techniques five made it possible to

observe structures in greater detail. As a consequence, we have been

able to observe structures ahdch we Interprt as mature virus particles.

-uth pzrticleu were not obsor'ea in earlier studies with poliovirua

infected priaory monkey kidney cells.

6. ?rir y morkey kidney cells pese.rved In lepInge: vessels under liquid

nitrc•en refrigerat.on were Lnfctd when exposed to an aerosol @on-

tcainated with type I poliovirus (LSc). t~hn assayed by the plaque

technique, th* titer of virus repliceted by the cells wee comparable

to that of the original inoculum employed In the aerosol. The plaque

morphology was cheracteristic of the Ltc strain of pollovirus.

7. The experimsntal program conducted through the present cntract has

demonstrated that primary M monkey kidney cells preserved by liquid

nitrogen refrigtzration e•nstitute a readily available biological system

for the isolation of viral agents in aerosols.
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TEXT OF REPORT

I. Introduction

Inasmuch as this is a Final Report it is intended to present, with-

out unnecessary detail, the experimental results obtained which have con-

tributed significant and useful information toward the objectives of the

research program. In addition, the experimental data obtained since the

last Progress Report (Report No. 6, dated April 21, 1967) was submitted,

are included In this report.

The over-all objective of this research program has been to de-

termine the influence of liquid nitrogen refrigeration, including freeijng,

storage, and thawing, on the susceptibility of mammalian cells to virus

infection. There has been an awareness, also, that the primary objective

of the present program is directly related to the prt;ivus research con-

tract (AF-41(609)-2467) which involved t0: development and testing of a

"Viral Impinger Vessel for the Storage of Mammalian Cells and Sampling of

Viral Agents in Aerosols." Consequently, the experiments on virus ad.-

sorption and replication by the cells have been conducted with the lowest

possible multiplicity of virus.

II. jjgl Ni n Reftiaortion of jei lien Coln Ln Ampule and

A. Bxoeriments wi.h Stable Cell Lines--HeLa and KB -- Although this

laboratory has had success with a program of long-term liquid nitrogin

refrigeration of sixteen mammalian cell lines in 1.2-ml ampules (more

than five years), it was considered that the ispinger vessel, because of its
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gretoer volume (approximately 30 ml) might present physical con-

.Itions which could influence adversely the rate of survival of the

cells durinj the pvocess of freeing on.1 storage. Detezminations

were made, therefore, of viable cells of strain HeLa and strain KO

vhIch survived liquid nitrog! refrigeration when cells "eo frozen

in impinger vessels and odirniry 1.2-mi ampules. rdentical eln-
juots of cells frem sinqle harvests of j.• • cultures wee vrozen

In impinger vessels and in ampules. After a period of liquid

nitrogwi storsq., the cell, were thawed and viability cell counts

were marde using tryp1n blue as a differential vital st-in. The

averages of values obtainee, expressed as per cent of viable cells

(nwmber of live cells Jivid•e1 by the total number of cells frozen)

V-1-0 As follows,

AwlsIuminar Vessels

~~ K eLa K3

90.30% r6.M 75.* 70.00%

The above IntA roproeent the average per cent of viable cells

from counta made from ten ampules tn4 three Imptinr vessels for

each of the two cell lines.

a. -+•r•t Rhoesus Monkey KIdney ells Frozxen In Ar*ules.--It has been

reported that freshly trypsinited and versenated primary cultures ef

=-.nkey kidney cells have been preserved successfully at -7560 (dry

ice), (1,2). It was reported, also, (2) that freshly trypsinized

(1) stulberg, C. Se., Rlghtsel. N. A*. Page. R. H.o and Besman, L.
Virologic use of mnkey kidney cells preserved by froezing, Proc. :-a.
Exp. Stio. Wie. 'W415-418 %11%•9).

(2) Soe., more C. Use of cell banked mokey kidney cells for the
Isolation of respiratory viruses. Bact. Proc. 1964. p. 131.
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kidney cells did not survive freezing and thawing nearly as well as

the versenated primary cultures. These observations have been con-

fi-em* and exttidedl in our leboratory with liquid nitrogen efrigeratio.

It iu well known that the btable cell lines suwh as HW andr Kf

,,Athstan• trypsinization with high per cent recovery of viable

celi. However, when fresh monkey kid•y tissue fragments are

tryp•nIzej m ,any cells are killed, perhaps as much as 50 per cent.

A: copaprison w! mid*e therefore, of the rate of surviva1 in the

fre-czing .•nd thewing of freshly harvesteJ kidney ce1 anJ those

th•t h-:A un.•ergone one, to, anr three subcultures before freezing.

In there experinenta all of the cells were frozen In 1.2-al ampules.

The dta obtainsI, Table 1, &-ow thnt the rjDet of survival after

e:.Inj ýn:! tlriwing was distinctly higher Ahen the cells Were

cultured than wero those freshly harvest-d. The results of the

Slrt cnj second subcultures were esrentially the sae (84- and

83Z, r•e•pect5vely)g there was# hovmver# on appreciable drop in the

urzvival of cali harvested !row the tlired rubculture (7dE).
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T~e .*corparctive Counts of "ankoy ridney Cells Before cnd 1/ftez
Liquld Nltrogen Fmu tn. g (Tryp* Blue Stain)

Type of Cell (1l Count R l0•S.. .. " 1Y. R~c~overy .sve~r'ag
Frozen -n ReoMwt

Froshly Trvps~niied Kidney 4514 19.0 41.85
37.0 12.9 34.95

_38.4 12.6 32.81
42,7 14.7 34.42 35.98

First -7vbculture ;1I.2 17.8 83.96
27.0 22.4 82.96

Momi 27.4 22.0 80.29
27.7 23.6 85.19

224. 2.20 89.79 84.44

•econd zubculture 23.6 21.6 91.52
S24.4 18.0 73.77

26.2 23.4 89.31
19.7 15.4 78,17
15.8 l2.7 80.37 82.63

,ird Jýubculture 30.4 29.8 77.60
I. 33.4 24.2 72.45

35.4 2-6.2 74.01
36.8 29.1 79.07 75.91

I A M l I I I I .. ILlI I I I II



C. ~i~wri TesvsPbnkv ~.~ne Col~ toz _n levino2ErV el.

*fter iarl~or experiments har! daronstzr'ted that the rete of suwvivol

of rmonkey Mz1ney cellB in Itliuld nitrogen refrie)eratlon m-s greotly

Incraied r-. on p~rtnsry cells rovre cultured n yitro before freezing#

,-; coap'rr@J -'lth freshly hcrvesated calls, this information.w

U,'0 to to,.1 Idvant~cvo In ,%e preservation of prirmry m~onkey kid1ney

coll, 'An Ii-in7gor vassels. .'Nuring the subsequent course of the

rcso.-rc% pogr=n lhezu:; ron!~ey5 -oro ispcrifico! i~t v'-uyine, itervals,

in výLtrv -*.tcr ionolaiyerý, h.-I -valopeJ1, thes~e rz%.j1~y prolU1serating

cc'- %--ro h-rrvoste.'~b tr/pslnlz!tlton r'nd n1lI-riots of 3pproxirnatoly

10~ cellr -.era tr_-nzfarra: to the coil cups in r. I'~ nit,-r

inpingr vecrelt uihich tyere then subjectoi to the routino Glo%-,

f'reazirj procets, .ine refrigera~ted under 11 rjJI nftroyýen. In this

nnnrnnr soverel nttchots of cells wero &torod In~ tm,injer vossels nt

'fera:t :tiOG with the result that nrn nde-pjote supply of. frozen

celit rvcre wivnlni,.1e for c~u)te-uent oxpaorlmantttion. hen viable

cell courst,- v'rere mnde an the cells after thcv~n'g from thirty of theso

vossel39 the wverago per cent of au~rvivnl wa ý,5*94; the highest

value cra 6ý.40 par cent ezn. the lowest 46.79 per cont. A. survivtl

value of 50 per cent represents aipproximately 10 6 vinble Cal!ls.

It waes evident from these resu.lts with primary monkey kidney cells,

as woll as those obtained earlier with N*Ls anAi KBg that mmosnlian'

cells do not survive fzethin7 ami liquidl nitrocan st-wmran In' the 1mr-

Dinrar vesael as well as In the much smaller ampule. Although.
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level of survival of 50 per cent is adequate for the purpose of this

particular programs it Li of interest to speculate regarding the

diff7erence in the results obtained with the Impinger vessels as com-

pared witih the ampules. No calculated effort has been made as yet

to resolvo this variance. It is highly probable, however, that the

d ffercnce can be attributed to the fact that the slow-freezing

9pparatus, being adjusted to accommodate a specific quantity of

1.2-ml ampules, does not lower the temperature at the most favorable

rato when the larger impinger vessels are employed.

III. Priar Kidne y i Infected wth Virus Aerosol and Incubated

"withut Osini

Monkey kidney cell suspensions in impirger vessels were exposed

to a virus aerosol in tha vacuum glove box, described previoulsy in Pro-

gress Report No. 3 (April 7, 1966). After infection, the vessels were

lncubateo at 370 C until virus replication was complete as indicatud by

microscopic observation of cytopathology. The fluids in the vessels were

harvested and the virus titers were determined by the plaque method on

duplicate 3-oz culture bottles of primary monkey kidney cells. As a

control, an aliquot of the original inoculum was titrateJ by the sam

procedure. The average plaque counts obtaired during vGn incubation period

of 6 days ftom the 10-4 and 10-5 dilutions of the original inoculum and

the harvested fluids are presented in Table 2.



Table 2. Plaqu Ceuntsof Yir'l Isolated from Ameleo-Xnteeted
Monkey Kidney Cells, In ImPIAOer Vessel

Incubation &.oied (days)
Type of Inocculm Diuto

original Inoculum 10 - >100 >100 Cant
Ozrigirm! Inoculim 10' 43 64 Cont

Harvested Fluid 10~ 83 96 Conf
HokVeSteWFui40 3 24 27

Harvested Fluid 10 - 92 >100 Conf
Horiosted Fluid 18 i 39 43

Corif - Confluent

The titer of the original. irocu~lum and the fluid harvested from the im,-

pinger vessels say be calculated 9a followsi

Original Ineeulu. 107
0

2 /1R) (ptui)
Harvested fluid 1070131.1a (ptu)
Harvested fluid 107.21/ul (pfu;

TheMorholgy f thttplW86 azessen~tially the sawe In all o

the bottles and wts, chAracteristic of plaque asrpoloqy 0 the LiA *train

In piAwry mw**ky kidney cells under agar overlay. Alsoo as was .zpeoedi,

the titer of viruas obtainted by ispinging the aeroso! was somewhat lower

th~an that obtained from the ot.igirtal, Inoaum* This io aceouted for by

the relatively saller numer of cells In the impinger vessel available

to replicate virus so cWq~red with the eells that pteduced virus In the

original inoculu.
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FaVqdw to DAte 2MAuD29 UMa 9ha luii En ~is

It was reperte. in Progras Report Me. 6 (April 21. 1967) that

primary •ikey kidney cells that Wad been preserved in the impinge

vessel uder liquid nitrogen refrigeration for approximately nine months

we-- capable of adsorbing type I poliovirus (Mahoney) vien the cells Iewa

in•oculated with approximately one hundred plaque-forming 4nite (pfu) and

intubated at 37C for a maxiam of thirty minutes. thmn the cells we"

w~shed thoroughly after the incubation to remoe unelsorbed virus, approxi-

mately four per cent to eight per cent of the Inoculated virus had bean

adsorb#d as mesasued by plaque assay of the washed cell suspensLon. Mozo-

over, as rmh as ninety per cent of the virus porticle (pfu) Inoculated

-r*e identified as being present in the infected cells and the washing

upernatennts. Although the per cent of virus adsorbed by the cells was

"elatively simll, adequate evidence of virus partiales having been ad-

Sorbed by the cellD was obtained,. There was indeed evidence of cell-

virus interaction.

zubse=uent to the PIrogress R•eport of April 21, additional experiments

h~ve been conducted in qtitch considerably loes than 100 pfu have been used

in further investigation of the multiplicity of virus particles nd the

Initial period of cell-virus *ontact required for virus adsorption end

cell Infection. These studies include, alsoe deteminatieus of the minimum

tie required for the release of new virus replicated by the cells fol-

lowing Nief exposure to low m.ltiplicitie4 of type I poliovirus, In

Jdditicng some preliminary investigations of the roplieatien of polievlzus

In primary mnkey kid ey calls by means of election microscopy have been
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carried out.

'_Infl"~tion of PEImrY Ljmokey )Cidov 11t2-

Re igors tI.Lon With LOW & 1Ai~tjpj~jtX_9 Loo __!r .- A series

c,, experiments wore conducted during the period of kpril 15 - Dcme

1, 11M67 in Mhich primar/ moonkey kidney zells fzu(= twenty-ono impinger

vosseas, hi~ch had been preeerve4 by storago under lhiqid nitrog~on for

a period of nine to fifteien monthsp "ere inoculated with low m7ulti-

Pli':itIOS of t-,;no I poliovir'ao (?.Iahonty). Aft~er lnculatilrn theso

oaml'ea of :,ois wer IncubC~ed at 37C n '-ontsnt %vith the~ lnocu'ui

for n-erric~s rmnging~ from thirty ninufes to twelve hours. ýt tha% .-on-

of the in~ubation narloJ, -,he 7@1Js from cavli !nd~r1dU3 ex-

porimentn (Impinnor vessel) wero e cohd to remov* 'onpletely the unt-

aýIor!,o.! vlrus, atnd the washing supernatant* an.'2 'he wa3hod -Y

susrctn!ýonq aor assyed ior a-t~vo n!oviiuit 'b" nar' o., 4"ic. plaque

to~hir" ith tmrnolayer Slottle !ultiren of frenhiv harvosted primary

n.,ýn1?y 1IL~ney ~-olls.. The proceckires employed in thses exnerltrents

vtoro thi scrio as those described4 in Prograzt Redwort. Vo. 6, dated

The daeta obt.ained froo the above iment lonod *.oxp!ments are nw-

sonteýJ In Table 3. From~ theee da4A the follelni observptions are re-

V031ed I

!.A sal' nmz~ber of virus particles a"e adsorbed consisten~tly
by the ceolls when the Incubation period (ce)!-virus :ontact)
was limted to thirty minutes and Wien the Inocsultn -r.%itained
as little as 50 lo 100 platp -ozsding units (p3fu). M~orew/er,

a high per cent of the Inoc~ulatod virus was found In ilia
vashing superna tant.
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Table 3. SumeýrY of PieMP*-4O0ming lnits of Type I Pollevixus (Uahmwy)
As Detardned by PlqaO Asay of Infected Pimary Monkey

Cello ond the apernhtant Cbtained fto Washing
the Cells

Vessel Incubation No. Viable PFU PPU in PFl In Total PFUgo. Period Cells Inowulated Washings Cell Sosp. Asmyed

t 30 min 590,000 50 32 3 35

2 30 min 836,000 50 32 9 41

3 30M n 1,123,000 58 23 9 32

4 30 min 776t000 58 17 1 18
5 30 ,in 824,000 70 66 1 67

6 30 min 1,060,OO10000 67 7 74

7 30 min 804,000 90 83 4 07

4 h;r 810,000 60 25 16 41

4 hrs 1,064,000 80 50 .6 66

10 5 hrs 04,000 90 1-)5 47

1! 6 hr- -)701000 90 IC0 i5 11t3
12 6 hrz 900,000 66 17 16 33

13 7 lhs M,2,000 U. a 26 34
14 7 hr 192400000 90 417 >2D7 >624

15 8 h.s 1 w,06,000 78 7 34 5

16 8 hrs 1,240,000 76 455 i78 633

17 810 h 1.200,000 114 783 128

18 8 hzs 19120,000 90 1066 130 1196

19 10 h" 764,000 78 328 750 1078

20 10 hr 1,152,000 76 1303 640 1945

21 12 hs 1,060000 18 990 70w 1706
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2. ,.hen the Incubation period was between four and _
hours the number of virus particles (pfU adsorbed by
the cells was increased euibtanttally. However, there
was no :ndication of the Welease of new virus when the
period o! incubation was less than seven hours.

3. ýaring incubation periods of seven to twelve hours mmy
cells were infected with virus particles (pfu) and there
was clear evidence of new virus having been released into
the culture fluid.

1

ronato Oulbecro and his assow.=ates" rer-rted the results of exvert-

ments !n :7hI- 1C x 10' primary mnkey kidne7 cells were Inoculated

Ie_-th 1.7 x 109 plaque-foxring units of tpe I naltoIvirus l3runhiLde.

The cells vore Incubated in -ontact with the viruts iwnwcIlur at 37 t

fri forty minutes and then washed to ronove unadsorbed virus. The

washad ln~eýtad cells were then in:uVAtod at 3VOC ior u; to nine

hoA's. Airlnc the Incubation rcrlod I ml samplo.s of the culture

fluid from 'he tnfe::ted coelts were wl•hU'rawn for vLiz- assay at +ho

intervals o! ", 2, t, 6, 7.5 and 9 houra. These sarn:les were stored

S-15 0C until titrated for virus by the plaque ter:hn)fJo on monr-

ayers of ýrima_-, monkev kidney -el1•s. These investigators reported

that the release of now virus was evident between 2 and 4 hours of In-

cubation and roahed a ma xnum after about 6 hours. In throe *",porl-

menta, an average of 86 per sent of the caslIs had started the "Ir-

fection protess" by the end of the adsorpiton aerlod. The averaqo

f Ina! yield of new virus me "0 io lI(r pfu -or Infe-ted cm!,1

Frzonea Kaliman, Robley C. Willims, Renato Dulbeccol a,dJ 7.1arquerlte
Vo~jt. J. Pi a rLIuBrq and _ Cytgl. .1, 30-1-30%S (19W).



In view of the fact that in our experiments .,pproximatoly 106 cels

were exposed to only 50-100 pfus whereas OtXlbecco St 11 emtoyed a

very much higher ratio of virus to celIs (1.7 x 108 Pfu to I- x 106

cells)p the results of the two experiamntl pograms cannot be com-

pared precisely. There Is agreement, however, to the extent that the

results can be comp&d. In both Instances there was evidw:e of the

adsorptlon of virus particles by the cells during the first 30 minutes

of lnwubatlion. ,-oreover, it Is reasonable to asunme that the very low

cultipllci1t' of virus erlpoyed in our experiments could ac IoUnt for

the delay in the release of now virus from 2-4 hrs, as reported by

Dulbecco jfU 11, to ' or more houtzs, as shown in Table 3.

The da':a surmarl2ed In Table 3, as vixl as the data prosented in

previous roports, have demonstra-,ed clearly that primary Mlhewus monkey

kidney cells ware Infected readily with type I poliovi-rus (MSc and

Mahoney) alth•ogh the cells had boon subjoeted previously to liquid

niturogen rrerigeeation. Tt has been demonstrated, also, that such cell

are ,apable of replicating poliovirus In essentially the same manner as

freshly harvested cells.
B. PrelbiMnary Inyestiaotion of the '7l4cation of Poliovlv in Prime

Monkey Ka4n i b ns of rElctron ldicroecqtw.-

Mpthodl.-.fter incubation periodz from 2%-1O hours the cells were

scraped f.rm. tha bottles, rinsed in phosphate buffered saline (DOS)s fixed

for 5 minutes in PW5 containing one per cent glutarmldehydo and post

fixed In one per cent tetroxide. (7ells were eabedded In spon-tAraldtte

after the normal dehydration sýhedulo, sectioned and observed in a



2oervat4c1s.-.-Y~en C~adled w~ith tho elortron mi~roscope the

pr~mary ronkey kidney ýultvres are swo to -7ontaln several -eU1

~ ~eo(on. e~thl~lf~hror.v.teaq ft~o!ss) nay' of the

17broblasts ftxvtnimie to ey haxl5-o co'iaryn preiixroo? 1*1 armnts

(FI-3ure Fle). I'~u' -shows a loton i '-wo la from. a rontrol

Threo hqurs af~terT Wnoc-inn tLec --entral revon o" -olls ire

fill.')d with smaill Pwmbrana h'omn bodle#to (7imire 29 1111). These aro

probably 'lie U Woies cdesnrlbed toy ?Ka!.'mai eft a!. ! 1. -h.-eir stu-1

or n1~rI nfe-4ed prlmar-/ Hmet!n~ 'Wtres. 71tt stijm7+res

havo al!ý beer, reported by illher !nvosý,atoro Pal~n- !rs

virus lri:o'fcd Ho'ý.a Ae!~ lso -,,resent at thtc s'keic' o: !.nfa-ticn

are 'a, e zqorat-aos of 4orme nn ozrla mnr*~~

whit Dales, tt pa. :-eprted~ to L ials o ~

It 13 AJfficult to correlate the -,roflJes of the various cal~l typen

at later stac~ms of infection. TA in not clear whather this Mrerrsents

a difference in the sequence of e~ventsl with respect to timae or

susroptibility to viral Infection. In arq event, crystaill~ne orrays

I Wflran, F. gj &J.p (195S) Pine 3)truoture of 1ýharges 1rrduted in
Cultu.-ed Cells T-amnpied at 5peciiie.1 Intervals ?-JrInr, a SZnvjle ~rwroth Cycle
of Pollovirrus. 1. Dl~bXs. Sloche f.3tol- _4, 331-3083.

2ilattm#n C1. F. T. and Ziamiel,*. . (1W6,) Replication of Pol~cvlrun
In HeLs Cellat lectron Vicroscopi-: Observations. Vrlyj,646.

2Dis . U~ aa., (196) Electron ItAlcrosocpic 31hidy o." the Plomstlon
Of Poliovirus. 12 At 3,71)
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as Observod by Dal*s gr $ . and by Mattern and Daniel were not seen

at any time from 2-10 hours post-!nfection In any cell type. ltowevar,

in the presw•t study soer~ cello 7 hours post-irfection con.tain

particles in the cytoplamic matrix (Figures 3 and 4) similar in size

(260-20 .A) and mwnhology to mature polioviruses. Kallmsn et &.

were not able to identify any particle. "*ambling mature virzus* in

their study of polio-infected cultures, In favorable roionsp, %bat

appoors to be emty capeids are preset (Figure 4p cp).

Furthor study concentating on the sequence of events in specific

cal.l types may provide profiles in htich mature virvses can be more

positively idontified. Such stidies are also needed to test the

tentative interpretation that the *equence of events leading to

viral formation differs in the various cell types.
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F iq !. Portion of two cells from a control experiment. Showsm
chromatin concensation, rough endoplasmic reticulum with
Dirge polysomes char~cteristic of fibroblasts. X 38,000.
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Fig. 2. Section of a fibroblast 3 hours after infection. Numerous
membrane bound bodies (MB) fill the central cytoplasm along

with numerous thin filaments (F) presumably precursors of

collagen. Also present are dense trgious interpreted as

viroplastic foci (VP). X 22,000.
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F;g.3 4 VtCIo h ue yols of cells cotiigmn

particleOS (arrows) similar in size and narphology to mature
n)o'lovirus. Arrows labeled cp indicate ztýat may be inter-
jrete d as cmpty viral capsids. Pig. 3, X 715,000; Fig. 4,
X 55.000.


